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Abstract 
Fishing and other anthropogenic impacts have led to declines in many f ish stocks 
and modificat ion of the seabed. As a result ,  efforts to restore marine ecosystems 
have become increasingly focused on spat ially explicit  management  methods to 
protect  f ish and the habitats they require for survival. This has led to a 
proliferat ion of invest igat ions t rying 
anthropogenic impacts and ident ify f ish resource requirements in order to meet  
conservat ion and management  needs.  
A wide range of habitat -related concepts, with dif ferent  uses and understandings 
 has arisen as a consequence. Inconsistencies in 
terminology can cause confusion between studies, making it  dif f icult  to 
invest igate and understand the ecology of f ish and the factors that  affect  their 
survival. Ult imately, the inabilit y to discern the relat ionships between fish and 
their environment  clearly can hinder conservat ion and management  measures 
for f ish populat ions. 
This review ident if ies and addresses the present  ambiguity surrounding 
-related concepts current ly used in spat ial 
management  of demersal marine fish populat ions. The role of spat ial and 
temporal scales is considered, in addit ion to examples of how to assess f ish 
habitat  for conservat ion and management  purposes.  
Introduction 
Fish represent  a highly diverse group of animals (Eschmeyer et  al.  2010). They 
are known to play important  roles in ecosystem st ructuring and provide essent ial 
resources for humans through the provision of food, regulat ion of food web 
dynamics and carbon cycling (Holmlund & Hammer 1999, Baum & Worm 2009). 
However, f ishing and other anthropogenic pressures have led to declines in many 
f ish species and modificat ion of the seafloor (Jennings & Kaiser 1998, Crain et  
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al.  2009). As a result ,  much effort  has been expended on ident ifying 
management  mechanisms to protect , sustain and restore depleted f ish stocks. 
There has also been an increasing emphasis on the applicat ion of ecosystem-
based f isheries management  (EBFM) (Box 1), in addit ion to species-by-species 
assessment  and f isheries management  (Schmit ten 1999, Sinclair et  al.  2002, 
Gavaris 2009).  
The t ransit ion to EBFM has led to a proliferat ion of invest igat ions to ident ify f ish 
1) funct ioning (Christensen et  al.  1996, Diaz et  al.  2004, Francis et  al.  2007). In 
meanings or implicat ions, which may lead to confusion when interpret ing the 
results of dif ferent  studies, as reviewed by Block & Brennan (1993) and Hall et  
al.  (1997)
purposes and ecosystem funct ioning has been formalized through legislat ion that  
requires habitats to be classif ied and protected; e.g., the European Union 
Habitats Direct ive (92/ 43/ EEC, CEC 1992) and the Marine St rategy Framework 
synonymous with descript ions of physical characterist ics of the seabed, such as 
subst ratum type (e.g. seagrass, coral reefs or maerl beds) (Box 1) or marine 
biotopes (Box 1) (Olenin & Ducrotoy 2006, Dauvin et  al.  2008a). These definit ions 
to the place in which a species lives (Dauvin et  al.  2008b). 
caused by terms for certain characterist ics of habitat  (e.g. habitat  complexity, 
habitat  heterogeneity or qualit y) (Box 1),  which also have often lacked clear 
explanat ion (Block & Brennan 1993, McCormick 1994, Hall et  al.  1997). Part  of 
the dif f iculty is that  much of the terminology is ent irely dependent  on spat ial 
and temporal scales (Levin 1992, Chave 2013). For example, a demersal f ish 
might  ut il ize dist inct  subst rata for feeding or protect ion at  dif ferent  t imes or 
during a part icular stage in it s ontogeny (e.g. Laurel et  al.  2009, Grol et  al.  
2014). Equally, the type of subst ratum required to provide physical protect ion 
will depend on the size of the demersal f ish (Chave 2013, Figure 2)  a 
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morphology of the species.  
Misused or undefined terminology could lead to misinterpretat ion of the role of a 
part icular subst ratum type for individual species, or to the use of inappropriate 
r around one subst ratum type 
life-history parameters that  were not  measured? Could the subst ratum type be 
depth range or other subst rata) were not  present? If  def init ions of habitat  are 
unclear, variables which could affect  f ish dist ribut ion or abundance may not  be 
rec
could have implicat ions for the effect iveness of EBFM, especially where dif ferent  
f ields of marine science use the same term with dif ferent  implicat ions.  
The present  review paper, while not  exhaust ive, addresses the current  ambiguity 
surrounding habitat  and habitat -related concepts current ly used in the spat ial 
management  of demersal marine fish. Part icular at tent ion is therefore paid to 
the role of the seabed. For each concept  discussed, a conceptual def init ion is 
provided, followed by examples of how to assess f ish habitat  for conservat ion 
and management  purposes. These definit ions provide a possible conceptual 
framework for considerat ion of demersal f ish-environment  relat ionships, which 
could equally be applied to other areas of ecology.  
Concepts and definitions 
Habitat 
g the place 
in which a plant  or animal lives (Box 1). This encompasses the resources and 
environmental condit ions that  determine the presence, survival and 
reproduct ion of a species (Hall et  al.  1997, Gaillard et  al.  2010). Interpretat ion I 
therefore encompasses the physical (e.g. depth, subst ratum type, wave 
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exposure),  chemical (e.g. oxygen concent rat ion, pH, salinit y) and biological 
characterist ics (e.g. predator prey dynamics, compet it ion and fauna providing 
st ructure to the seabed) of the environment  (Hall et  al.  1997, Kaiser et  al.  1999, 
Diaz et  al.  2004). Figure 1 il lust rates schemat ically how the habitat  of a 
demersal f ish can be considered as the intersect ion of appropriate subst ratum 
type, physicochemical parameters and biological characterist ics.  
For quant itat ive purposes, this interpretat ion of habitat  (Interpretat ion I) has 
Aarts et  al.  2008, Mat thiopoulos et  al.  2015). However, many studies of f ish 
habitat  have often only described one or two habitat  components, which may 
concern either the seabed type (Figure 1A), the physicochemical propert ies of 
the water column (Figure 1B), or both, with no ment ion of biological 
characterist ics (Figure 1C) (Kaiser et  al.  1999). Examples include seagrass or 
coral reef subst ratum types that  a part icular f ish is found over, around or among 
(Costello et  al.  2005, Seitz et  al.  2014), or the depth and temperature ranges 
(e.g. Smale et  al.  1993, Perry & Smith 1994). As stated by Lima & Dill (1990) and 
Able (1999), the lack of studies incorporat ing biological characterist ics and 
interact ions in the ident if icat ion of f ish habitat  is most  l ikely due to the 
dif f icult ies of quant ifying these aspects and collect ing the required data in sit u.  
The second use of habitat  (Interpretat ion II), follows arbit rary classif icat ions of 
the seabed or features based on dif ferences obvious to human observers (e.g. 
dif ferent  types of sediment , macroalgal beds, or biogenic reefs; Figure 1A) 
(Fraschet t i et  al.  2008). Interpretat ion II does not  explicit ly consider the 
ecological requirements of a part icular species; however, it  has been used to 
ident ify associat ions of some species with part icular subst rata (e.g. Seitz et  al.  
2014). Kenny et  al.  (2003) provides an overview of seabed mapping technologies 
available for classif icat ion purposes.  
The third use of habitat  (Interpretat ion III) encompasses an ecosystem- or a 
marine biotope-based view of habitat  (Olenin & Ducrotoy 2006 Airoldi & Beck 
2007, Dauvin et  al.  2008a). Descript ions under Interpretat ion III t ypically include 
seabed propert ies (Figure 1A), physicochemical propert ies of the water column 
(Figure 1B) and the fauna found in that  specif ic area, though interact ions 
between those fauna are not  considered. Interpretat ion III is typically 
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characterized in terms of the community of f lora and fauna present , rather than 
a part icular focal species (Olenin & Ducrotoy 2006, Dauvin et  al.  2008a).  
Interpretat ions II and III derive from conservat ion and planning requirements to 
classify and map habitats in measurable geographical units for nat ional and 
internat ional management  and monitoring purposes (Airoldi & Beck 2007, 
Fraschet t i et  al.  2008, Galparsoro et  al.  2012). Classif icat ion of seabed types and 
their associated communit ies facil itates the implementat ion of policies to 
assess, maintain or restore marine environments subj ect  to anthropogenic 
impacts (Airoldi & Beck 2007, Fraschet t i et  al.  2008, Galparsoro et  al.  2012), but  
legal definit ions of habitat  can be inconsistent . For instance, the EU Habitats 
Direct ive (92/ 43/ EEC) 
efined by abiot ic and 
(CEC 
1992, Dauvin et  al.  2008b)
Habitats Direct ive include reefs, Posidonia beds and estuaries (CEC 1992).  The 
same word is therefore used to describe geological, biological and geographical 
ent it ies at  spat ial scales varying from met res to many kilomet res (Dauvin et  al.  
2008b). Similarly, the Vulnerable Marine Ecosystem (VME) concept  (FAO 2009) 
refers to classif icat ions of the seabed and includes associated species, but  has 
no clear descript ion of what  an ecosystem or habitat  is (FAO 2009, Auster et  al.  
2010). Such classif icat ion systems move away from the t radit ional def init ions of 
habitat  by focusing only on certain habitat  components without  considering 
biological or physicochemical l inkages. Interpretat ions II and III also inst igate and 
perpetuate confusion in terminology across dif ferent  f ields of marine science 
and policy (Dauvin et  al.  2008a, b; Galparsoro et  al.  2012). Further, if  the 
classif ied seabed types or ident if ied fish habitats are used for conservat ion and 
management  purposes without  taking due account  of varying temporal and 
spat ial scales, efforts to protect  and restore f ish stocks and their habitats may 
be ineffect ive (Hilborn et  al.  2004b, Guarinello et  al.  2010). For example, a 
poorly planned cod f isheries closure established in the North Sea in 2001 not  only 
had negligible effects on cod stocks, but  also displaced f ishing act ivit y, 
increased discarding and negat ively impacted vulnerable populat ions of skate 
(Dipt urus bat is) (Rij nsdorp et  al.  2001, Hilborn et  al.  2004b).  
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Ident ifying and collect ing data on f ish habitat  is by no means st raight forward, 
since habitats vary not  only among species,  but  can also vary between sexes of 
the same species, life history stages and among dif ferent  stocks. Invest igat ions 
conducted over dif ferent  temporal and spat ial scales will also produce dif ferent  
anagers are therefore 
faced with daunt ing tasks of managing and monitoring stocks, often with lit t le 
prior informat ion on f ish dist ribut ion and abundance, and insuff icient  funds 
(Bailey 1982, Langton et  al.  1996). Loose definit ions can therefore be beneficial 
for managers t rying to implement  measures to conserve and restore stocks with 
However, if  simplif ied managerial def init ions are adopted in the scient if ic 
l iterature, ecological meanings can become lost  or confused, part ly due to a lack 
of consensus within the scient if ic community it self  (Dauvin et  al.  2008a). As a 
result ,  habitats frequent ly lack metrics, threshold values or analyt ical 
approaches for their ident if icat ion, monitoring and management  (Murphy & Noon 
1991, Auster et  al.  2010) and end up becoming separated from their theoret ical 
roots (Dauvin et  al.  2008b).  
present  review uses Interpretat ion I,  which refers to the combinat ion of the 
types of subst rata, biological characterist ics and physicochemical propert ies 
required by a species during a part icular stage in it s ontogeny (Figure 1D) (Hall 
et  al.  1997, Kaiser et  al.  1999)  therefore be applied both 
to individuals and to populat ions or stocks. Appropriate scales of t ime and space 
1) will be used to define seabed characterist ics (Figure 1A). If  only 
physicochemical propert ies of water and subst rata are taken into account  when 
physicochemical 
(Box 1; Figure 1E), a term modif ied from the 
al.  (2008). The incorporat ion of biot ic communit ies into the classif icat ion of 
(Olenin & Ducrotoy 2006, Dauvin et  al.  2008a).  
The use of Interpretat ion II or III rather than Interpret at ion I is thought  to have 
cont ributed to underperformance of f isheries management  through lack of 
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considerat ion of variables that  might  have an effect  on f ish abundance and 
spat ial dist ribut ion (Degnbol et  al.  2006). When t rying to protect  a certain 
speci
abundance is more likely to provide benefit s to that  focal species than using 
art if icial const ructs of subst ratum categories. Marine Protected Areas (MPAs), for 
example, are commonly designed to limit  or exclude fishing and other damaging 
act ivit ies within a defined area (Halpern et  al.  2010). Nonetheless, there is often 
a mismatch between the obj ect ives of MPAs and ecosystem-based goals arising 
from dif ferent  biological disciplines and specialisms (Degnbol et  al. 2006, 
Halpern et  al.  2010). In the UK for example, the maj orit y of MPAs have been 
designated for the protect ion of benthic features, with l it t le understanding of 
whether these features are of value to commercial f ish species, and may 
therefore miss potent ial EBFM benefit s (Hilborn et  al.  2004b; Hilborn 2011). It  
should be noted that  clarif icat ion of terminology and more widespread adopt ion 
of EBFM will not  solve all f isheries management  problems (Degnbol et  al.  2006, 
Marasco et  al.  2007). There are no blanket  solut ions to all f isheries management  
problems (Degnbol et  al.  2006, Beddington et  al.  2007, Hilborn 2007). 
Nonetheless, addressing discrepancies in language to facilitate cross-sector 
collaborat ion can only be beneficial.  
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Figure 0.1 - The three maj or components making up a species habitat . These 
include the subst ratum type (A), physicochemical propert ies of the water 
column (B), and biological characterist ics (C), which toget her comprise a 
 Circle A on it s own encompasses 
interpretat ion II;  the intersect ion of circles A and B (area E) is referred to as 
physicochemical space. Interpretat ion III of habitat  would also be represented by 
area D, but  considers communit ies rather than individual species (a biotope).  
 
  
McCoy & Bell (1991) highlight  three st ructural variables in relat ion to the 
,  
rugosity (Box 1) of the seafloor (e.g. Friedlander & Parrish 1998a; Wilding & 
Sayer 2002), the type and density of vegetat ion (e.g. ,  McCoy & Bell 1991, 
Jackson et  al.  2001), the presence and diversity of biota on the seabed (e.g. 
Kovalenko et  al.  2012), as well as to subst rata that  provide vert ical relief (e.g. 
Bohnsack 1991, Santos et  al.  2012)
been used in relat ion to the diversity or 
(e.g. Dut illeul 1993, Kovalenko et  
al.  2012). The catch-  shorthand 
despite the diverse measures used and the variety of scales at  which it  is 
quant if ied (McCormick 1994, Bartholomew et  al.  2000). Although habitat  
complexity and heterogeneity are well-established concepts, few policy 
documents address or def ine them. Within the internat ional guidelines for deep
complex physical st ructures created by signif icant  concent rat ions of biot ic and 
parates vulnerabilit y and species 
percept ions rather than being framed in terms of the resource requirements of 
part icular focal species, and has no reference to scale or how complexity should 
be measured. 
since the interst ices that  characterize them may provide refugia from predators, 
9 
 
currents and st rong wave surges, and could potent ially lead to reduced mortalit y 
(Sebens 1991). Some subst rata, such as rock, calcareous shells of sessile 
invertebrates, macroalgae and seagrass, can also provide areas of at tachment  
for other biota that  may in turn form new subst rata (e.g. algae, hydroids and 
bryozoans) (Sebens 1991, Gratwicke & Speight  2005). Such biot ic subst rata can 
lead to increased rugosity and heterogeneity, which may provide a wider range 
of refugia, biological diversity and food resources than an area of seabed with 
fewer types of subst rata (Auster et  al.  1996, Kaiser et  al.  1999, Kovalenko et  al.  
2012). Rugosity may also cause heterogeneity in aspect  and f low regime, leading 
to a wider range of condit ions suitable to more species (Sebens 1991, Kovalenko 
et  al.  2012). Numerous studies that  have invest igated the roles of dif ferent  
marine subst rata for f ish species highlight  the importance of st ructurally 
terms of management  priorit ies (e.g. Almany 2004, Kamenos 2004, Kut t i et  al.  
2015). Yet  a combinat ion of sediment  grain sizes such as boulders with sparse 
coral may provide funct ionally equivalent  rugosity for a part icular species as a 
dense coral reef (Auster 2005)
biot ic subst rata has been reinforced because many are themselves vulnerable to 
anthropogenic impacts, such as t rawling and dredging (Jennings & Kaiser 1998, 
Halpern et  al.  2008).  
The diverse ways in which subst ratum complexity can be measured, has made 
the term dif f icult  to apply in pract ice and compare between studies. To be able 
to measure and define the role of subst rata, the present  review adopts the 
regardless of the scale at  which they are measured, but  the appropriate scale of 
measurement  will depend on the size and mobilit y of the species in quest ion 
(McCoy & Bell 1991, Levin 1992). Rugosity is the measure of corrugat ion of a 
subst ratum and the degree of angulat ion that  together provide a three-
dimensional space (McCormick 1994) that  a fish may occupy, during a part icular 
stage in it s ontogeny. This can therefore include interst ices and interst ructural 
spaces of relevance to the species in quest ion (Bartholomew et  al.  2000). The 
rugosity of a subst ratum may therefore affect  the availabil it y (Box 1) of refugia 
and possible food resources (Figure 2) (Bartholomew et  al.  2000). On a larger 
scale, subst ratum heterogeneity refers to the frequency, composit ion and 
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pat tern of subst ratum types and patches (Box 1; Figure 2) within a benthic 
landscape (Sebens 1991, Dut illeul 1993, Tews et  al.  2004). The dif ferent  types of 
longevity, and mobility of the respect ive fish. 
There is usually a variety of dif ferent  factors or gradients generat ing subst ratum 
(Sebens 1991, Gratwicke & 
Speight  2005; Du Preez 2015). For example, subst ratum height , height  variat ion 
and interst it ial space will affect  the rugosity, while diversity of subst ratum 
composit ion, areal extent  and spat ial dist ribut ion will affect  the heterogeneity 
(Gratwicke & Speight  2005, Wilson et  al.  2006). It  is also important  to be aware 
that  subst rata and community composit ion of the habitat  may vary over t ime 
following successional processes or anthropogenic impacts (Sale 1991, 
Friedlander & Parrish 1998b, Kamenos et  al. 2003). Table 1 gives some examples 
of methodological studies in which subst ratum rugosity and heterogeneity have 
been measured. 
 
Figure 0.2 - Subst ratum rugosity and heterogeneity relat ive to the size of f ish. A 
or heterogeneous subst rata. Over the course of it s l ife cycle, an individual may 
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variables of relevance to the individual organism, populat ion or stock. 
Theoret ical and modelled applicat ions in this f ield seem to be well established 
(e.g. Johnson 1980, Aarts et  al.  2008, 2013), but  both field and laboratory 
Laurel et  al.  2007, Misa et  al.  2013). This interchangeable use of terms may arise 
from the overlapping definit ions of associat ion, select ion and preference (e.g. 
Krausman 1999 and Morris 2003). To support  implementat ion of the Essent ial 
Fish Habitat  (EFH) concept  under the United States Sustainable Fisheries Act  
(SFA) (USDOC 1996), t he Nat ional Marine Fisheries Service considered four levels 
of informat ion on f ish populat ions in dif ferent  subst rata that  could be used 
(following Able 1999). These levels are: (1) species presence-absence data, (2) 
populat ion densit ies, (3) informat ion derived from est imated growth, 
reproduct ion or survival rates, and (4) est imates of f ish product ion (Able 1999). 
The dif ferent  opt ions for the ident if icat ion of EFH is beneficial to managers 
when considering data-poor ecosystems, but  can lead to further lack of clarit y in 
the terminology used to describe the role of a part icular subst ratum for an 
individual f ish.  
The present  review focuses primarily on interact ions with subst rata, so for 
er habitat  component  is considered in 
relat ion to associat ion, select ion and preference. This terminology could, 
however, be applied to other habitat  components (e.g. depth or temperature 
ranges) in a similar way. Specifically, subst ratum associat ion has been defined as 
the subst ratum type(s) that  a f ish is observed to occupy during part icular t ime 
and place (Box 1) (Hall et  al.  1997). This has typically been measured by 
comparing relat ive abundances or densit ies of individuals in, on, or over 
dif ferent  subst ratum types (e.g. Nickell & Sayer 1998, Misa et  al.  2013). Here, 
subst ratum associat ion refers to all the subst rata that  the fish occupies during a 
part icular stage in it s life cycle without  any considerat ion as to whether an 
act ive choice was made to reside in the given subst rata.  
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Subst ratum select ion refers to the process by which f ish act ively choose to 
occupy a part icular subst ratum type at  a given t ime, and therefore results from 
voluntary movements that  cannot  be at t ributed to passive t ransport  (Box 1) 
(Johnson 1980, Kramer et  al.  1997). Factors affect ing subst ratum select ion may 
include individual preference, the availability or condit ion of subst rata in the 
landscape, or predat ion risk (Johnson 1980, Kramer et  al.  1997, Gaillard et  al.  
2010). Select ion has been measured as the disproport ionate use of one 
subst ratum type with respect  to it s availabilit y (Aarts et  al.  2013). 
Subst ratum preference (Box 1) is defined as a subst ratum type that  an individual 
would associate with given a free choice (i.e.,  in the absence of predators or 
compet itors) at  a given t ime (Gaillard et  al.  2010)
also been measured as the relat ive abundances of the focal species in the areas 
of dif ferent  subst rata in relat ion to their relat ive availabi lit y (Johnson 1980, 
after it  has been modif ied by other, presumably unmeasured effects, such as 
predator-prey or compet it ive dynamics. Arguably, this usage concerns the 
realized subst ratum select ion. Laboratory experiments or f ield enclosures may 
be a more appropriate test  for preference (Kramer et  al.  1997).  
A pract ical problem when measuring subst ratum associat ion, preference or 
select ion by only comparing one or a few subst rat um types is that  patches are 
rarely a uniform shape, size and condit ion. These aspects may have a st rong 
inf luence on the extent , spat ial dist ribut ion and refuge value of habitat  for a 
part icular species (Morrison et  al.  1992, Block & Brennan 1993). For example, in 
a f ield experiment  to invest igate the signif icance of eelgrass patches for survival 
of j uvenile At lant ic cod, Gadus morhua, Laurel et  al.  (2003) found that  
predat ion rates were negat ively correlated with patch size. Methods to measure 
subst ratum preference are not  always st raight forward. Laboratory techniques 
usually simplify the environment  to one or a few variables from complex natural 
marine systems (Kramer et  al.  1997). Studies using a combinat ion of f ield and 
laboratory methods may lead to more reliable conclusions (e.g. Stoner et  al.  
2008, Laurel et  al.  2009). Table 1 provides examples of studies that  use 
quant itat ive methods to study preference and select ion for habitat  components 
by demersal f ish. 
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The ult imate aim of spat ial management  for the protect ion of f ish species is 
Habitat  is d
element  of the EFH concept  is the ident if icat ion of exist ing and potent ial threats 
to habitat  components, and conservat ion measures that  may improve the qualit y 
of the habitat  and eliminate or minimize anthropogenic threats (Schmit ten 
1999). The provision of EFHs through the SFA enabled a signif icant  step towards 
).  Unfortunately, although the 
SFA provided a plat form to bet ter understand EFH and a capacity to protect  f ish 
actually meant , is quite limited in scope (Sarthou 1999, Fletcher & 
2000), as reviewed and applied by Able (1999).  
are typically def ined as areas required by f ish to carry out  key life history 
processes, such as reproduct ion, foraging and migrat ion (Langton et  al.  1996, 
Able 1999, Bradbury et  al.  2008). These habitats may include nursery areas, 
product ion of individuals that  recruit  to the adult  populat ion is greater, on 
et  al.  (2001) pointed out  that  assessing the importance of a subst ratum type to a 
f ish species should include considerat ion of whether the subst ratum type is 
neede
(e.g. a type of subst ratum or temperature range) which, if  altered or reduced in 
availabil it y, could adversely affect  survival rate of an individual, populat ion or 
stock. This definit ion is l inked to habitat  qualit y (Box 1) but  focuses on certain 
components of the habitat  rather than it s ent irety (Krausman 1999). At  a 
populat ion level, an important  habitat  component  would therefore affect  the 
long-term viabilit y of a populat ion (Murphy & Noon 1991). It  should be noted 
that  dif ferent  populat ion subunits (e.g. stocks) may ut ilize different  but  
funct ionally equivalent  habitat  components. Isolat ing important  habi tat  
components rather than important  habitats (which include subst ratum, 
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physicochemical and biological characterist ics) allows usable definit ions to be 
developed for decision-making and policy implementat ion (Langton et  al.  1996). 
At tempts to achieve this in a cost -effect ive and pract icable manner are likely 
why management  st rategies often rely on ident ifying apparent  associat ions 
between species and part icular subst rata.  
The ident if icat ion of EFH or important  habitat  components for spat ial 
management  measures have similar issues as described above for habitats, in 
that  managers are tasked with ident ifying areas for protect ion with lit t le 
baseline informat ion and minimal resources (Langton et  al.  1996, Rubec et  al.  
1999). The lack of detail in the SFA about  how to ident ify EFHs can therefore be 
beneficial in enabling management  authorit ies to ident ify EFH with lit t le 
baseline informat ion or by using the best  available evidence. However, in some 
cases, using the best  available evidence may amount  to basing decisions on 
apparent  select ion for, or even j ust  simple associat ion with, certain habitat  
components, rather than ident ifying genuinely essent ial f ish habitats, and in the 
worst  cases this could lead to ineffect ive or counterproduct ive management  
measures (
that  for conservat ion and management  purposes, at tent ion should be focused on 
measurement  of parameters such as survival, future reproduct ive potent ial and 
growth rate, which can be dif f icult  to quant ify. Langton et  al.  (1996) and Able 
(1999) recommended focusing on crit ical l ife phases that  determine cohort  size. 
The present  authors recommend that  when examining important  f ish habitat  
components, habitat  qualit y should be assessed and linked to populat ion 
demographics over different  temporal and spat ial scales (Gibson 1994, Able 
1999, Gaillard et  al.  2010). These sorts of studies require an understanding of 
the 
maj or l ife-history stage (Gibson 1994, Langton et  al.  1996, Able 1999). Most  
demersal marine f ishes, including most  commercially exploited species, are 
highly mobile and occupy dif ferent  subst rata and depth ranges during dif ferent  
l ife history phases and according to varying environmental condit ions. Spat ial 
and temporal processes, such as diel,  seasonal and ontogenet ic movements 
between habitats must  therefore be taken into considerat ion when ident ifying 
important  f ish habitat  components and applying EBFM (Hilborn et  al.  2004b). 
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Table 1 highlights papers that  provide quant itat ive methods for ident ifying 
important  habitat  components for species and management  applicat ions of this 
informat ion. 
Box 0.1 - A suggested glossary of terms used within the present review that relate 
to habitat conservation for demersal marine fish. 
 
Biotope: 
The definit ion of what  a biotope consists of has evolved through t ime, as 
reviewed by Olenin & Ducrotoy (2006). The present  review adopts the modern 
(Olenin & Ducrotoy 2006) and therefore encompasses a biocoenosis (group of 
organisms found living together) rather than focusing on the habitat  
 
Ecosystem: 
An ecosystem consists of biot ic (community of organisms) and abiot ic (physical, 
chemical and biogeochemical) features, processes and interact ions in a defined 
space at  a given t ime (Dauvin et  al.  2008a, Curt in & Prellezo 2010) and may 
encompass many (potent ially overlapping) biotopes. Dauvin et  al.  (2008a) 
provide an overview of the development  of the term ecosystem.  
Ecosystem-Based Fishery Management (EBFM): 
There is a variety of def init ions and interpretat ions of EBFM (Hilborn et  al.  
2004a, Marasco et  al.  2007). The present  review adopts the definit ion of Marasco 
-based f ishery management  recognizes the physical, 
biological, economic, and social interact ions among the affected components of 
the ecosystem and at tempts to manage f isheries to achieve a st ipulated 
aspects of EBFM have been touched upon in this review.  
Habitat:  
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The required types of subst rata, physicochemical parameters and biological 
characterist ics of an area occupied by a species during a part icular stage of it s 
stat ic (e.g., predator or prey density, or depth; Beyer et  al.  2010). A habitat  will 
have spat ial and temporal scales relevant  to the body size and mobilit y of the 
study organism (Hall et  al.  1997, Diaz et  al.  2004).  
Habitat components: 
The individual features and their propert ies that  const it ute a habitat ; i.e.,  t ypes 
of subst ratum, and physicochemical and biot ic condit ions (Figure 1) (Langton et  
al.  1996, Kaiser et  al.  1999).  
Habitat quality: 
The degree to which a habitat  direct ly inf luences the growth, survival and future 
reproduct ive potent ial of an individual f ish depending on the condit ion and 
range of the individual habitat  components (Gibson 1994, Hall et  al.  1997). 
food available for the organism in quest ion, the opt imalit y of the ranges of 
physicochemical parameters, and the degree of protect ion afforded (Gibson 
to promote growth and survival and reproduct ion (Gibson 1994, Able 1999).  
Habitat component availability: 
The areal extent  of a habitat  component  that  could be occupied by an addit ional 
individual f ish, taking account  of prior occupat ion, as a proport ion of the total 
areal extent  of that  habitat  component . For example
subst ratum will depend on both it s preferences and the availabil ity of preferred 
subst rata (Johnson 1980, Laurel et  al.  2004).  
Important or critical habitat component: 
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A habitat  component  for which a change in it s condit ion or availabi l it y has the 
abilit y to direct ly affect  the success (survival, growth and reproduct ion) of an 
individual or metapopulat ion. At  a populat ion level, a crit ical habitat  component  
is essent ial for the long-term viabilit y of the populat ion (Murphy & Noon 1991).  
Landscape: 
The composit ion, dist ribut ion and topography of (abiot ic and biot ic) subst ratum 
types within a given area or volume of water (Saab 1999). A landscape typically 
the landscape (Figure 2).  The spat ial characterist ics (size, shape, orientat ion, 
arrangement  of components) of a landscape may inf luence the ecological 
funct ion of the area, such as act ing as a corridor for migrat ion (Zajac 1999).  
Physicochemical space: 
A space bounded by the limits of the tolerable ranges of the abiot ic variables 
that  influence where an individual can live. These may include variables such as 
current  velocity, depth, temperature, salinit y, oxygen concent rat ion, pH, etc. 
The physicochemical spac
sexes. 
Substratum association: 
The subst ratum type that  is occupied by a f ish during a part icular stage in it s l ife 
cycle.  
Substratum heterogeneity: 
The diversity and pat tern of subst ratum types and patches within a habitat  or a 
landscape, and the level of subst ratum rugosity (Dut illeul 1993, Tews et  al.  
2004). Subst ratum heterogeneity should be measured on the same spat ial scale 
as the home range of the life stage in quest ion.  
Substratum patch: 
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A cont inuous or homogeneous area of unbroken subst ratum type (Morrison et  al.  
1992); e.g., an extent  of seagrass or sand. The patch size should be measured at  
a scale appropriate to the life stage of interest .  
Substratum preference: 
The type of subst ratum that  an individual would associate with given an 
unconst rained choice at  a given t ime; for example, in the absence of predators 
and compet itors (Johnson 1980, Hall et  al.  1997).  
Substratum rugosity: 
The degree of corrugat ion and angulat ion of a subst ratum, which together 
provide a three-dimensional space (McCormick 1994) that  a fish may occupy 
during a part icular stage in it s ontogeny. This includes interst it ial and 
interst ructural spaces of appropriate size and shape for the life stage in quest ion 
(Bartholomew et  al.  2000). Subst ratum rugosity should be measured at  the scale 
appropriate to the focal species.  
Substratum selection: 
The act ive choice made by a f ish to associate with a part icular subst ratum type. 
This may be affected by behavioural responses such as preference, inter- or 
int ra-specif ic compet it ion, the availabilit y or qualit y of other subst rata or 
resources in the immediate surroundings, or predator presence. Select ion is 
therefore indicated by the subst ratum type a species resides in at  a part icular 
t ime, taking into account  the aforement ioned behavioural responses (Johnson 
1980, Hall et  al.  1997, Kramer et  al.  1997, Gaillard et  al.  2010).  
Substratum type: 
A class of seabed of dist inct ive character composed of abiot ic or biogenic 
material,  or a combinat ion, used to characterize sediment , algae, f lora or 
biogenic reef, for conservat ion and explanatory purposes. Examples include 
seagrass, mud or maerl which may be found in an area. The appropriate degree 
of specif icit y will depend on the requirements of the study. 
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Table 0.2 - Examples of methodological papers relevant to habitat related terminology. Examples include peer-reviewed papers which 
encompass a range of different methodological and quantitative applications to concepts outlined within the present review. NB terminology 
in the selected papers may not be consistent with definitions used within this review. 
Habitat 
related 
terminology 
Summary description Species /  life 
stage 
Habitat 
component  
Geographic 
zone / location   
Reference 
Subst ratum 
rugosity and 
heterogeneit
y 
A method to assess subst ratum complexity using 
dif ferent  aspects of subst ratum st ructure and 
composit ion. 
Species richness 
and general f ish 
abundance 
Sandy, algal, 
seagrass and 
reef subst rata 
Tropical  
Brit ish Virgin 
Islands 
Gratwicke & 
Speight  2005 
 A comparison of methods to measure and quant ify 
subst ratum topography for reef f ish. 
Tropical reef 
f ish 
Coral and rocky 
reefs  
Tropical   
Aust ralia 
McCormick 
1994 
 A review of the relat ionship between species 
diversity and heterogeneity, looking at  dif ferent  
spat ial scales. Includes measurements of 
heterogeneity. 
Generic, 
terrest rial 
Generic Generic Tews et  al.  
2004 
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Habitat  
component   
preference 
and select ion 
A review of regression models for analysis of 
telemet ry data and applied to tagged grey seals, 
Hal ichoerus grypus. 
Generic, but  
applied to grey 
seals 
Generic applied 
to sediment  
type, depth and 
distance from 
haul out  
Generic, 
temperate, 
Scot land 
Aarts et  al.  
2008  
availabil it y on species dist ribut ion to measure and 
select ion funct ions. 
Generic, 
applied to 
model 
simulat ions 
Generic, using 
cont inuous and 
discrete 
covariates 
Generic Aarts et  al.  
2013 
 Methods and applicat ion of habitat  component  
usage and availabilit y to understand select ion and 
preference. 
Generic but  
applied to 
mallards, Anas 
plat yrhynchos 
Terrest rial,  
wet land and 
open water 
areas 
Generic, 
temperate, 
USA 
Johnson 1980 
Habitat  
component  
importance 
A review and applicat ion for the ident if icat ion of 
essent ial f ish habitats (EFHs).  
Juvenile 
estuarine f ish 
Estuaries; 
oxygen, pH, 
salinit y and 
temperature  
Temperate, 
USA 
Able 1999 
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 A conceptual framework for understanding 
-
term telemet ry informat ion from animals and 
indices of habitat  qualit y at  dif ferent  spat ial 
scales. 
Generic Generic Generic Gaillard et  
al.  2010 
 Advice to managers on priorit izing informat ion for 
the ident if icat ion of EFHs, taking into account  
f isheries impacts. 
Generic Generic  Generic, 
temperate, 
USA 
Langton et  
al.  1996  
 Modelling f itness to link habitat  availabil it y to 
density-dependent  populat ion growth rates of 
mobile species.  
Generic, mobile 
species  
Generic  Generic Mat thiopoulo
s et  al.  2015 
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Discussion and recommendations 
With the cont inued decline in many f ish stocks and anthropogenic pressure on 
marine ecosystems, there is a clear need to ident ify habitat  components of 
importance to marine f ishes and to int roduce effect ive management  mechanisms 
(Parma et  al.  2006). Considerable effort  has been spent  on subst ratum mapping, 
ecosystem conservat ion and ident if icat ion of f ish habitat  components (Diaz et  al.  
2004, Francis et  al.  2007),  yet  an integrated approach to EBFM is required for it s 
successful implementat ion (Francis et  al.  2007, Curt in & Prellezo 2010, 
Guarinello et  al.  2010). The effects of f ishing gear impacts on subst rata and on 
f ish have been described, but  the effects of subst rata and loss of benthic fauna 
on f ish stocks are rarely included in demersal stock assessments (Auster & 
Langton 1999, Armst rong & Falk-Petersen 2008). For spat ial management  to be 
effect ive for f ish, protect ion of important  components of their habitat  is clearly 
essent ial (Schmit ten 1999, Francis et  al.  2007). Throughout  the world, there has 
been increased use of spat ial management  measures to manage f ish populat ions, 
promote biodiversity, and improve ecosystems as a whole. However, benefit s 
from such spat ial management  measures have not  always been evident  (Hsu & 
Wilen 1997, Hilborn et  al.  2004a,b) and spat ial management  measures should not  
be seen as the only opt ion to restore depleted stocks (Hilborn 2011). In 
endeavouring to protect  important  habitat  components, careful planning and 
considerat ion of spat ial and temporal scales are essent ial,  in addit ion to 
adapt ive management  and monitoring (Hilborn 2011). Temporal and spat ial 
scales are part icularly important  when managing f ishing act ivit ies, to help 
reduce and resolve conflicts between dif ferent  sea user groups through zoning 
(Marasco et  al.  2007). Such considerat ion may also avoid unintended 
consequences of increased f ishing prior to the implementat ion of spat ial 
management  (Hsu & Wilen 1997) and displacement  of f ishing effort  to other 
areas with potent ially harmful effects (Murawski et  al.  2000, Hilborn et  al.  
2004b).  
Language in science has changed over t ime and dif fers between disciplines; 
however, at  a minimum, clarit y in the use of language is necessary (Murphy & 
Noon 1991, Olenin & Ducrotoy 2006). The term habitat  has been used in 
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legislat ion (Hall et  al.  1997, Olenin & Ducrotoy 2006). Habitat -related 
terminology has become confused through widespread use for different  purposes 
without  clear definit ions, and through inconsistent  usage in scient if ic research 
(Murphy & Noon 1991, Hall et  al.  1997). To be able to manage marine resources, 
terminology 
accurately measured (Murphy & Noon 1991, Hall et  al.  1997). Papers focusing on 
reasons for the failure to properly manage marine resources consistent ly point  to 
the need for improved clarit y, t ransparency and clearly def ined management  
 
M
(Levin 1992, Hall et  al.  1997, Chave 2013). The terms proposed in this review are 
scale-independent  insofar as they can be applied to any spat ial or temporal scale 
deemed relevant  to a part icular study species. This avoids the need for 
 
carefully considered in the design and interpretat ion of any invest igat ion of 
habitat  and should be explicit ly stated to allow meaningful comparison between 
studies. When using the term habitat  from the point  of view of the individual, 
populat ion or species, it  is essent ial to consider the temporal and spat ial scales 
relevant  to the needs of the organism(s) in quest ion, and for the concept  to be 
biologically meaningful (Hall et  al.  1997, Diaz et  al.  2004, Guarinello et  al.  
2010).  
The present  review has ident if ied some of the causes of confusion in use of the 
term habitat  and habitat -related terminology, and provides a conceptual 
framework for managers to work with and apply to spat ial management  
programmes. It  is widely agreed that  the different  specialisms within marine or 
even terrest rial science and policy have not  been well integrated, and bet ter 
integrat ion is required, part icularly to achieve EBFM (Degnbol et  al.  2006, 
Marasco et  al.  2007). With the increasing number of studies relat ing to f ish 
habitat , standardized and consistent  terminology is a prerequisite for developing 
clear hypotheses and carrying out  comparable research (Murphy & Noon 1991, 
Levin 1992, Hall et  al. 1997). By reviewing habitat -related concepts and re-
emphasizing exist ing definit ions for researchers and managers to work with, 
some standardizat ion may be possible. This could help align language used in 
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dif ferent  f ields of marine science and management , and help improve 
interdisciplinary collaborat ion, enabling a more coherent  and ef fect ive 
implementat ion of EBFM. 
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